Methods

Subjects
This study enrolled 71 consecutive patients diagnosed as acute MI from March 2001 to October 2003. The diagnosis of acute MI was based on clinical symptoms, ECG changes, blood examinations, and coronary arteriograms. Exclusion criteria were: age <20 or >85 years; uncontrolled diabetes mellitus (hemoglobin (Hb)A1c >10%) or diabetes mellitus requiring insulin therapy; active liver disease or hepatic dysfunction; acute or chronic pancreatitis; uncontrolled hypothyroidism; nephrotic syndrome or renal dysfunction (blood creatinine >1.5 mg/dl); fasting plasma TG >200 mg/dl; and a history of gastrointestinal surgery. All patients underwent successful percutaneous coronary intervention on admission. Patients with a reported smoking habit of at least 1 cigarette per day on admission were classified as current smokers. Hypertension was defined as systolic or diastolic blood pressure >140 or >90 mmHg, respectively, or use of antihypertensive medications. Diabetes was defined as fasting blood glucose ≥126 mg/dl, HbA1c >6.5%, or use of hypoglycemic medications. Obesity was defined as a body mass index (BMI) >25 kg/m 2 . 17 Hypercholesterolemia, hyper-LDL-cemia, hypertriglyceridemia, and hypo-HDL-cemia were defined as serum values >220 mg/dl, >140 mg/dl, >150 mg/dl, and <40 mg/dl, respectively. 18 Subjects were maintained on all their non-lipidlowering medications throughout the study, includingblockers and diuretics. The institutional review board of Showa University approved the study protocol, and written informed consent was obtained from all patients.
Protocol and Biochemical Analysis
Oral fat tolerance tests were performed at discharge. Based on the method of Tanaka et al, 16 each patient was fasted for 12 h overnight and given a fat-rich formula (OFTT cream, Jomo Co, Gunma, Japan) containing 65.8 g of fat the next morning. The OFTT cream comprises 56.9% water, 32.9% lipids, 2.5% protein, 7.4% carbohydrates, and 0.3% minerals, with a total energy of 341 kcal/100 g. The fat component was 64.3% saturated, 29.3% monounsaturated, and 3.5% polyunsaturated. The subjects tolerated the formula well. They were not allowed to eat for a period of 6 h afterward, but could drink water at any time.
Blood samples were drawn by venipuncture before, and then 4 h and 6 h after the meal. Serum was separated immediately after blood collection by centrifugation at 3,000 rpm for 15 min at 4°C. Serum, lipoprotein (TG TC, HDL-C) and apolipoprotein (apo) concentrations were measured by standard laboratory procedures. LDL-C was measured by direct homogenous assay of the serum using detergents. 19 RLPs were isolated from the serum to an immunoaffinity mixed gel containing anti-apo A1 and anti-apo B100 monoclonal antibodies (Japan Immunoresearch Laboratories), and the cholesterol and TG concentrations of the unbound fraction were measured as RLP-C and RLP-TG by enzymatic methods. 15 Immunoreactive insulin was measured by radioimmunoassay. Insulin resistance was estimated based on the homeostasis model assessment (HOMA) concentrations using fasting plasma insulin and glucose concentrations. 20 The peak LDL particle diameter (LDL-PD) was determined by 2-16% nondenatured polyacrylamide gel electrophoresis according to the method of Nichols et al. 21 Large LDL was defined as a diameter >25.5 nm and sd-LDL was defined as a diameter ≤25.5 nm. 11 
Statistics
Statistical analyses were completed using Statview 5.0. Differences in serum parameters before and after fatloading were tested with one-way analysis of variance (ANOVA) in all subjects, and the Bonferroni/Dunn post hoc test was used when a significant effect was observed. The effects of PPL on the postprandial changes of lipids were evaluated using repeated measures ANOVA. Difference in frequency data were determined by the chi-square test. Statistical significance was accepted at p<0.05. To estimate the overall response of serum TG and RLP concentrations during the entire 6-h postprandial period, the total area under the curve (AUC) or the AUC of incremental values with respect to the fasting concentration (AUIC) was calculated. The correlation coefficients between the 2 variable parameters were determined by Pearson's simple linear regression analysis.
Results
In the first 63 patients, the blood samples were taken before, and 2, 4 and 6 h after the meal. The AUC of TG calculated by 3 time points (0, 4, and 6 h) were strongly associated with the AUC of TG calculated by 4 time points (0, 2, 4, and 6 h) (R=0.994, p<0.0001); therefore, the blood samples at 2 h were omitted in the remaining patients. The postprandial changes of serum TG were similar between normotriglyceridemic and mildly hypertriglyceridemic patients, and the average increases were 1.5-fold over the baseline concentrations (Table 1) . A previous study demonstrated that in 113 Japanese subjects serum TG concentrations increased approximately 1.5-fold over the fasting concentration after a fat-rich meal (fat 30.9 g, 765 Cal), irrespective of the fasting concentration. 22 Accordingly, we defined the normal concentration of serum nonfasting TG as <230 mg/dl (ie, <1.5 fold the fasting value of 150 mg/dl although diagnostic criteria for PPL in Japan is not available); Table 2 shows the clinical characteristics of the participants classified into 4 groups based on a fasting TG concentration of 150 mg/dl and nonfasting TG concentration of 230 mg/dl: group A, normal fasting TG (fasting TG concentration <150 mg/dl) with nonPPL (peak postprandial TG <230 mg/dl); group B, normal fasting TG with PPL; group C, mild fasting hypertriglyceridemia (fasting TG concentrations ≥150 and <200 mg/dl) without PPL; and group D, mild fasting hypertriglyceridemia with PPL. Age, BMI, waist/hip ratio, and incidences of diabetes, current smoking status, and apo-E genotype were comparable among the 4 groups although the incidence of hypertension was significantly greater in group A than in group B. The numbers of risk factors (hypertension, diabetes, current smoking, obesity, high TC or LDL-C, and low HDL-C) were significantly higher in groups C and D than in group A. Table 3 compares the metabolic parameters between the 4 groups. In the fasting state, TG and RLP-TG were significantly higher in group C than in group B, whereas the AUC of the RLPs and the AUIC of TG and the RLPs were significantly higher in group B than in group C. All metabolic param- eters except TG and apo C3 were comparable between groups A and B and between groups C and D. The postprandial changes of TG, the RLPs and apo E significantly differed among the 4 groups (Figs 1,2) . Postprandial TG and RLP concentrations in the nonPPL patients peaked at 4 h and plateaued between 4 and 6 h, whereas in the PPL patients they peaked at 6 h, irrespective of the fasting TG concentration. The TG-to-C ratio of the RLPs was significantly higher in the PPL patients than in the nonPPL patients at 4 and 6 h after fat-load (Fig 2) .
The LDL peak particle size was significantly correlated with both the TG and RLP-C concentrations in the fasting state as well as at 4 and 6 h after the fat load (Fig 3) . The incidence of sd-LDL was significantly higher in group D than in the other groups, but similar between groups B and C (Fig 4) . The associations with fasting and postprandial highest TG values, and LDL phenotype are shown in Fig 5. The highest TG values were significantly associated with the fasting concentrations (R=0.609, p<0.0001) in all patients. All patients with fasting TG ≥177 mg/dl had both PPL and sd-LDL. In the remaining patients with fasting TG concentrations of 53-176 mg/dl, the prevalence of the sd-LDL was significantly higher in the patients with PPL than those without PPL (60% vs 24%, p=0.0072).
It has been reported that increased postprandial TRL are associated with diabetic dyslipidemia 23 and therefore we classified the present patients into 4 groups on the basis of the presence or absence of diabetes and PPL. The incidence of PPL was similar between nondiabetic and diabetic patients, and sd-LDL was significantly associated with the PPL, irrespective of the presence of diabetes (Table 4) .
Discussion
Normal ranges of serum postprandial TG concentrations have not been well defined, although numerous studies 
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have demonstrated that a postprandial increase of TRL is an important risk factor for CHD. In the present study we defined the normal nonfasting serum concentration of TG as less than 230 mg/dl and found that the postprandial responses of serum lipids after fat ingestion conformed to 2 distinct patterns; that is, PPL and nonPPL. These results were constant when we defined the cutoff values of nonfasting serum TG as 250 mg/dl (data not shown). Although the fasting serum concentrations of TRLs were significantly higher in group C (hypertriglyceridemia without PPL) than in group B (normotriglyceridemia with PPL), the postprandial increases of TRLs were significantly greater in group B than in group C. Thus, it was impossible to differentiate the PPL from the nonPPL patients by fasting blood examination.
It remains controversial whether chylomicron remnants constitute major TRLs in the postprandial state. ApoB-48-containing lipoproteins (chylomicron and chylomicron remnant) carry 80% of the increased TGs after fat-load, 24 and the large VLDL particles account for 80% of the postprandial increase in the number of lipoprotein particles (chiefly because of the accumulation of newly synthesized lipoprotein particles). 1,25-27 Gibney et al have shown that increased VLDL particles contribute to the postprandial increase in plasma TG for 4-6 h following fat ingestion. 28 We employed an RLP assay in human serum to quantify the postprandial increase of TRLs because several studies have demonstrated that RLP-C and RLP-TG provide a more precise assessment of CHD risk than serum TG concentration. [29] [30] [31] However, serum RLPs are heterogenous [32] [33] [34] and their exact components remain controversial. In a recent report by our group, the serum RLP-C and RLP- TG concentrations strongly correlated with the corresponding cholesterol and TG concentrations in the Sf (Svedberg flotation) rate of 60-400 TRL fractions separated by ultracentrifugation at 2, 4, and 6 h after the ingestion of OFTT cream (same formula used in the present study). 35 In addition, the TG-to-C ratio in the RLPs was not associated with the TG-to-C ratio in the Sf 60-400 or Sf 20-60 TRLs in the fasting state, whereas it was strongly associated with the TG-to-C ratio in the postprandial Sf 60-400 TRLs ( =0.699, p=0.0002; =0.767, p<0.0001; and =0.729, p=0.0004 at 2, 4, and 6 h after fat ingestion, respectively) (unpublished data). The postprandial Sf 60-400 TRL fractions appear to contain not only large VLDL but also apoB-48-containing chylomicron remnants, 36 and the serum RLPs in the postprandial state seem to reflect both endogenous (apoB-100-containing particles) TG-rich large VLDL fractions and exogenous (apoB-48-containing particles) TRLs. 34 As the PPL patients in the present study only exhibited the postprandial accumulation of TG-enriched RLPs, we speculate that increased production of TG-rich large VLDLs and/or delayed clearance of both TG-rich chylomicron remnants and large VLDLs might contribute to PPL. On the other hand, serum apoE concentrations increased significantly after fat load only in the PPL patients, so we also speculate that apoE enrichment of the chylomicron remnants 37 and/or apo E rich large VLDLs might also contribute to the PPL. This study supports several previous studies that have suggested an association of the sd-LDL phenotype with impaired postprandial clearance of TRLs (a population study, 38 case -control study 39 and a study using the intravenous fat tolerance test. 40 ). A stable isotope kinetic study demonstrated that subjects with the sd-LDL phenotype have an increased rate of production and reduced rate of catabolism of large VLDL. 41 We recently reported that postprandial increases in large VLDL were markedly greater in patients with sd-LDL than in patients with large buoyant LDL, whereas the increases in the small VLDL fractions were similar between the 2 LDL phenotypes. 35 The accumulation of large VLDL is likely to increase the proportion of sd-LDL via cholesteryl ester transfer protein (CETP)-mediated lipid exchange and subsequent hydrolysis. 42, 43 Through the action of CETP, large VLDL at increased concentrations changes HDL to triglyceriderich/cholesteryl ester-poor HDL, which in turn converts LDL to triglyceride-rich/cholesteryl ester-poor LDL, a preferred substrate for hepatic lipase that ultimately leads to the formation of sd-LDL. 42, 43 The PPL patients in the present study only exhibited the postprandial accumulation of TG-enriched RLPs, a condition that may have contributed to the remodeling of the LDL particles via lipid transfer. In addition, a strong correlation between LDL particle size and plasma TRL concentrations observed before and at 4 and 6 h after fat ingestion might suggest a significant reduction in LDL particle size in response to a postprandial increase of TRLs. Similar results were very recently reported by Blackburn et al. 44 It is well known that LDL-C concentrations begin to decline for several weeks after the onset of acute coronary syndrome, 45 and this may affect abnormal lipid metabolism. However, in the present study 2 distinct patterns of postprandial response to a fat meal were seen; the peak postprandial TG concentration, delayed postprandial TG concentration and TG-to-C ratio in the RLPs differed between the 2 patterns. Further studies are required to assess the postprandial lipoprotein abnormalities in patients with stable CHD and/or nonatherosclerotic healthy subjects. It has been suggested that accumulation of TRLs is implicated in the development of atherosclerosis. 32 Funada et al have reported that postprandial elevation of RLP-C is associated with endothelial dysfunction, an early feature of atherosclerosis, even in normolipidemic subjects. 46 The present results suggest that both fasting hypertriglyceridemia and normotriglyceridemia with PPL are associated with the predominance of sd-LDLs, potent proatherogenic lipoproteins. Future studies should focus on the role of PPL in future CHD events.
In summary, the present study demonstrated 2 novel findings. First, that patients with PPL are significantly more likely to accumulate TG-rich RLPs, and secondly, that PPL is strongly associated with the predominance of sd-LDL. These results suggest that postprandial accumulation of TRLs is strongly associated with sd-LDL in MI patients with normotriglyceridemia or mild hypertriglyceridemia.
